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review the long-term results of our experience in patients
who underwent open repair of an infrarenal AAA. Our fol-
low-up period of at least 10 years in patients who survived
allows us to better define the durability of this technique
and to provide data for future comparisons with the results
of endovascular treatment.
METHODS
This population-based retrospective study was per-
formed on patients who underwent elective or emergency
open repair for an infrarenal AAA at the Department of
Surgery, Oulu University Hospital, Oulu, Finland, from
1979 to 1990. A list of patients who underwent repair of
an AAA during this period was provided by means of a cen-
tral database at our institution. The decision to exclude
from the study those patients who underwent surgery dur-
ing the last decade was driven by the need to get patient
survival data and graft history in as long a follow-up period
as possible to minimize bias in the outcome analysis.
Our institution is a tertiary referral medical center for
cardiothoracic and vascular surgery for a large catchment
area, including most of northern Finland. However, a few
patients were referred from medical centers with some
surgical facilities. Therefore, to avoid the possibility of
leaving some minor graft complications unrecognized, we
decided to restrict the analysis to those patients strictly
living in the catchment area of our institution and a few
After the introduction of devices for endovascular
repair of infrarenal abdominal aortic aneurysms (AAAs),
enthusiasm for the good early results achieved with this
technique has led to a proliferation of studies reporting its
clinical feasibility and benefits. However, anecdotal
reports concerning the complications associated with
endovascular repair of AAAs have become more frequent
with its widespread use, and recent studies have raised some
doubts about the clinical1-3 and economic benefits4-6 that
are claimed to be associated with this technique. Early and
mid-term technical failures of endovascular grafting for
AAA are of main concern.
Although several studies have investigated the survival
outcome of patients after elective and emergency open
repair of AAAs, only a few studies have evaluated the fate
of infrarenal aortic grafts.7-11 Therefore, we decided to
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Purpose: This study reviewed the long-term outcome of patients who underwent open repair of infrarenal abdominal
aortic aneurysms (AAAs).
Methods: A retrospective study of 208 patients (188 men and 20 women) with a mean age of 65.6 years who survived
elective or emergency open repair of an infrarenal AAA was conducted at a university referral hospital. Main outcome
measures included late graft-related complications, survival free from any reintervention, survival free from any vascu-
lar reintervention, and overall survival rates.
Results: Late graft-related complications occurred in 32 patients (15.4%). A proximal para-anastomotic pseudo-
aneurysm developed in six patients (2.9%), and a distal pseudoaneurysm developed in 18 patients (8.7%); in seven of
these cases (3.4%), it was bilateral or recurrent. A graft limb occlusion occurred in 11 patients (5.3%). These compli-
cations required 37 surgical or other invasive procedures in 27 patients (13.0%). Thirty-one vascular and/or endovas-
cular reoperations were performed. The 5-year, 10-year, and 15-year survival free from any reintervention rates were
91.5%, 86.2%, and 72.0%, respectively. At the same intervals, the survival free from any vascular reintervention rates
were 93.8%, 88.5%, and 73.9%, respectively, and the overall survival rates were 66.8%, 39.4%, and 18.0%, respectively.
Complications associated with a ruptured femoral artery pseudoaneurysm, a ruptured aortic pseudoaneurysm, an aor-
toduodenal fistula, and the elective repair of a femoral pseudoaneurysm were the graft-related causes of death, which
occurred in four patients (1.9%). Age (P < .0001) and chronic obstructive pulmonary disease (P = .002) were shown
by means of multivariate analysis to be predictive of poor survival outcome, and chronic obstructive pulmonary disease
(P = .02) and lower limb ischemia (P = .04) were shown to be associated with an increased need for vascular reinter-
ventions to treat graft-related complications.
Conclusion: Open repair of infrarenal AAAs can achieve satisfactory 15-year follow-up rates of survival free from rein-
tervention for any graft-related complications, suggesting that surgery should still be considered the procedure of
choice for infrarenal AAAs, at least in patients who are fit for surgery. (J Vasc Surg 2002;35:87-93.)
regional hospitals from which complete follow-up data
could be obtained. 
We were able to collect patient data on cardiovascular,
pulmonary, renal, gastrointestinal, and neurological status
from a single clinical record that is shared by all the
departments of our hospital. We reviewed the type of graft
material and the type of aortic reconstruction performed.
The number of radiological examinations (ie, ultrasound
scanning, angiography, and computed tomography) per-
formed for graft-related problems and for other condi-
tions, but through which the aortic graft and para-
anastomotic areas were evaluated, was collected for each
patient. Data on specific causes of death were obtained
from patient records and autopsy reports that also
reported the status of the aortic graft or from a National
Statistical Registry (Tilastokeskus).
We analyzed the immediate postoperative outcome of
the entire series of patients who underwent both elective
and emergency procedures to provide data on postopera-
tive mortality. However, the main aim of this study was to
evaluate the long-term outcome of these patients and of
the aortic graft after open repair of an AAA. Therefore, we
focused the analysis on patients who survived aortic repair.
Statistical analysis was performed by using SPSS soft-
ware (SPSS version 10.0.5, SPSS, Chicago, Ill). The
Kaplan-Meier method was used as a means of estimating
patient survival and success, which was defined as survival
free from reintervention for vascular or any graft-related
complications. The log-rank test and the Cox regression
model with the help of backward selection were used as a
means of estimating the impact of variables on the clinical
outcome. Differences were considered to be statistically
significant when the P value was less than .05.
RESULTS
From January 1979 to December 1990, 284 patients
underwent repair of AAA at our institution.
The 30-day postoperative mortality rates were 4.5%
after elective repair, 26.6% after emergency repair of non-
ruptured aneurysms, and 42.2% after emergency repair for
aneurysm rupture.
Among survivors, 208 patients (188 men and 20
women), with a mean age of 65.6 years (range, 43.3-86.2
years), had complete follow-up data and form the basis of
the present study (Table I). The median follow-up period
was 8.0 years (range, 0.1-21.7 years). A straight prosthe-
sis was implanted in 26 patients (12.5%), and a bifurcated
prosthesis was implanted in the remaining 182 patients
(87.5%). Operative data are presented in Table II.
During follow-up, a mean of 2.2 ultrasound scanning
examinations (range, 1-15) were performed in 77
patients, a mean of 1.3 arteriography scans (range, 1-3)
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Fig 1. Kaplan-Meier estimates for survival of patients who survived open repair of AAAs (SE < 3.3%).
Numbers of patients at risk entering each 5-year interval are given.
were performed in 28 patients, and a mean of 1.5 com-
puted tomography scans (range, 1-2) were performed in
11 patients for suspected or true graft problems.
Other true aortic aneurysms. Thirty-two true
aneurysms of the aorta and its branches eventually devel-
oped in 26 patients (12.5%). There was one aneurysm of
the ascending aorta extending to the descending thoracic
aorta after spontaneous dissection, one isolated aneurysm
of the ascending aorta, one aneurysm of the aortic arch,
six thoracoabdominal aortic aneurysms, four aneurysms of
the thoracic aorta, 10 aneurysms of the suprarenal aorta,
and one aneurysm of the celiac axis. There were also two
aneurysms of the common iliac arteries, two aneurysms of
the internal iliac arteries, three aneurysms of the superfi-
cial femoral arteries (two in a patient with Coat’s disease),
and one aneurysm of the popliteal artery.
The sizes of three of the thoracic aortic aneurysms
were 46 mm, 60 mm, and 65 mm; the size of the fourth
(ruptured) aneurysm is unknown. One patient underwent
surgical repair and, approximately 8 years later, another
emergency repair of a thoracoabdominal aneurysm.
Another patient with a 46-mm aneurysm underwent sur-
veillance and died of unrelated diseases. The other two
patients sustained ruptures with fatal outcomes.
Six patients with thoracoabdominal aortic aneurysms
had a median aneurysm diameter of 85 mm (range, 32-
100 mm). A thoracoabdominal aneurysm developed in
one of these patients after the patient had successfully
undergone surgery for an infrarenal aneurysm and, subse-
quently, for a thoracic aortic aneurysm. Two patients were
treated conservatively; one of these patients was still alive,
but the other died of a myocardial infarction. Two patients
successfully underwent elective surgical repair, and
another patient underwent successful emergency repair
after an aneurysm rupture that occurred shortly after
coronary artery bypass grafting, which was planned to pre-
cede aortic reconstruction. Another patient died of an
aneurysm rupture.
The median size of the suprarenal aortic aneurysm in
eight patients was 48 mm (range, 30-150 mm). One
patient underwent successful repair, seven patients were
successfully treated conservatively, and the remaining two
patients died with ruptured aneurysms.
One patient with an ascending aortic aneurysm under-
went surgical repair. The other two patients with ascending
and aortic arch aneurysms were successfully treated conserv-
atively, as was the patient with an aneurysm of the celiac axis.
Graft-related complications. Late graft-related com-
plications occurred in 32 patients (15.4%). A proximal aor-
tic para-anastomotic pseudoaneurysm developed in six
patients (2.9%); a distal pseudoaneurysm developed in 18
patients (8.7%), and in seven of these cases, (3.4%) it was
bilateral or recurrent. In one case, the distal pseudo-
aneurysm was located at the distal aortic anastomosis,
whereas each of the other cases involved an anastomosis to
the femoral artery.
The maximum diameters of the proximal aortic
pseudoaneurysms were 19, 35, 35, 38, 40, and 56 mm.
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None of these patients had a coexistent suprarenal aortic
aneurysm. The mean length of survival of these patients
after their original aortic operations was 10.7 years (range,
4.0-16.8 years). One patient with a 56-mm proximal aor-
tic pseudoaneurysm died of pseudoaneurysm rupture. The
other patients with proximal aortic pseudoaneurysms were
treated conservatively. Two of them died of cerebral
bleeding, one died of myocardial infarction, one died of
respiratory failure, and another died of melanoma.
A graft limb occlusion occurred in 11 patients (5.3%),
in three cases probably because of severe lower-limb artery
disease and in one case because of poor runoff from an
earlier post-traumatic lower-limb amputation and occlu-
sion of the common femoral artery.
These late graft-related complications required 37 sur-
gical or other invasive procedures in 27 patients (13.0%).
Three patients underwent repair of incisional hernias, one
patient underwent resection of a symptomatic femoral
neuroma, and another patient experienced hydronephrosis
caused by perigraft fibrosis encasing the ureters, which
required ureteral stenting and, subsequently, nephros-
tomies. The remaining patients underwent 31 vascular
and/or endovascular reoperations (Table III).
Survival. During follow-up, 157 patients died. The
5-year, 10-year, and 15-year survival rates were 66.8%,
39.4%, and 18.0% (SE < 3.3%), respectively (Fig 1). Sixty-
one patients (38.8%) died of cardiac diseases, 29 patients
(18.5%) died of cancer, 24 patients (15.3%) died of pul-
monary diseases, 18 patients (11.4%) died of cerebrovas-
cular diseases, 12 patients (7.6 %) died of pseudoaneurysm
rupture or aneurysm rupture or dissection, two patients
(1.3%) died of pulmonary embolism, one patient (0.6%)
Table I. Clinical data of patients who survived open
repair of an abdominal aortic aneurysm
Number (%)
Number of patients 208
Sex (men/women) 188/20
Diabetes mellitus 19 (9.1)
COPD 54 (26.0)
Current smokers 49 (23.6)
Former smokers 11 (5.3)
Lower-limb ischemia 62 (29.8)
Asymptomatic carotid stenosis 3 (1.4)
Earlier carotid EA 6 (2.9)
Hypertension 78 (37.5)
TIA 18 (8.7)
Stroke 20 (9.6)
Myocardial infarction 53 (25.5)
Angina pectoris 76 (36.5)
Heart failure* 67 (32.2)
Earlier CABG 7 (3.4)
Use of beta-blockers 41 (19.7)
Chronic renal failure 2 (1.0)
*History of congestive heart failure, reduced ejection fraction, use of
digoxin or diuretics or both.
COPD, Chronic obstructive pulmonary disease; EA, endarterectomy; TIA,
transient ischemic attack; CABG, coronary artery bypass grafting proce-
dure.
died of aortoduodenal fistula, three patients (1.9%) died of
complications after surgery, and seven patients (4.4%) died
of other non–graft-related causes.
The causes of four deaths in this series (1.9%) were
directly or indirectly related to late aortic graft complica-
tions. One patient died with an acute myocardial infarc-
tion associated with cardiogenic embolism after repair of a
ruptured femoral artery pseudoaneurysm, another patient
had a ruptured proximal para-anastomotic pseudo-
aneurysm, the third patient had an aortoduodenal fistula,
and the fourth sustained an acute myocardial infarction
after elective repair of a femoral pseudoaneurysm.
Univariate analysis showed that age (P < .0001),
chronic obstructive pulmonary disease (at 15 years, 5.3% vs
22.1%, P = .001; Fig 2), and heart failure (at 15 years,
10.9% vs 21.7%, P = .001) were predictive of poor long-
term survival outcome after open repair of an AAA. Patients
with lower-limb ischemia also had lower survival rates
(11.9% vs 20.6%, P = .19), but this difference was not sta-
tistically significant. Age (risk ratio [RR], 1.05; 95% CI,
1.026-1.076; P < .001) and chronic obstructive pulmonary
disease (RR, 1.76; 95% CI, 1.22-2.44; P = .002) were
shown by means of multivariate analysis to be predictive of
survival outcome. The impact of chronic obstructive pul-
monary disease on survival can be justified by a statistically
significant association with cardiac disease (79.6% vs 56.5%,
P = .003) and with a current or earlier smoking habit
(36.6% vs 21.6%, P = .035), and by 22.2% of these patients
dying of pulmonary disease, in comparison with 7.1% of
patients without chronic obstructive pulmonary disease
(Kaplan-Meier method, P = .0001). Pulmonary disease
caused 25.5% and 10.0% of all deaths in these two groups.
Survival free from reintervention for graft-related
complications. The 5-year, 10-year, and 15-year rates of
survival free from any reintervention were 91.5%, 86.2%,
and 72.0% (SE < 6.3%), respectively (Fig 3). The 5-year,
10-year, and 15-year rates of survival free from any vascu-
lar reintervention were 93.8%, 88.5%, and 73.9% (SE <
6.5%), respectively.
By means of univariate and multivariate analysis,
patients with chronic obstructive pulmonary disease (uni-
variate, P = .01; RR, 2.73; 95% CI, 1.17-6.39; P = .02)
and patients with lower-limb ischemia (univariate, P = .03;
RR, 2.40; 95% CI, 1.03-5.61; P = .04) were shown to
require more reoperations for late vascular graft-related
complications. Patients who were current smokers tended
to require more reintervention for late vascular graft-
related complications (P = .06).
DISCUSSION
Two large studies by the Eurostar collaborators2,3 on
the use of endovascular stent grafting in patients with
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Fig 2. Kaplan-Meier survival estimates for patients with chronic obstructive pulmonary disease (COPD,
dotted line; SE < 4.6%) and without chronic obstructive pulmonary disease (No COPD, solid line; SE <
4.2%; P = .001). Numbers of patients at risk entering each 5-year interval are given.
AAAs have recently addressed the durability of endovascu-
lar repair and its safety and benefits. The rates of freedom
from secondary intervention at 1 year, 3 years, and 4 years
of follow-up were 89%, 67%, and 62%, respectively.2
Migration of the graft and rupture were the most frequent
complications that required transabdominal reoperation.
Similar results have been achieved by Bush et al,1 who
recently reported a clinical success rate of 75% at 2 years of
follow-up. In the series reported by Hölzenbein et al,12 37
of the 166 patients required 50 reinterventions after a
mean follow-up period of 18 months. They reported a late
death because of aneurysm rupture, which occurred 14
months after an endovascular procedure. Even worse
results have been reported by Beebe et al13 in a series of
268 patients who underwent endovascular repair and 98
patients who underwent open surgical repair of an AAA.
After 2 years of follow-up, the rate of freedom from sec-
ondary intervention was about 60% in the endovascular-
treated group and 100% in the open surgical repair group.
During the study period, endograft migration occurred in
five patients, endograft limb dislocation occurred in five
patients, and fabric erosion occurred in six patients, result-
ing in two endograft-related deaths. Better results have
been reported by May et al,14 but the graft failure rate at
3 years of follow-up was still 18% after endoluminal repair
and 0% after open repair.
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Furthermore, 30-day postoperative mortality rates in
the Eurostar study were 3% in patients fit for open surgery,
4% in patients unfit for general anesthesia, and 6% in
patients unfit for open surgery.3 In the series by Bush et
al,1 the mortality rate with endografting reached 7.8%
among patients who were at high risk. These results sug-
gest that endovascular repair of AAAs may be associated
with postoperative mortality rates that are comparable
with those of open aneurysm repair,4,15-20 especially when
the open procedures are performed by experienced vascu-
lar and cardiac surgeons.21-23 The postoperative mortality
rates among patients at high risk1,3 raise further concerns
about the indication for endovascular grafting, because
postoperative mortality may exceed the risk of aneurysm-
related death in a patient population with a short life
expectancy.24
These observations and the results of our study sug-
gest that lessons from the past and the achievements of
pioneers in aortic surgery are often forgotten. In 1981,
Crawford et al8 reported their monumental study on long-
term outcome after surgical repair of AAAs, with excellent
operative and long-term results. The overall 30-day post-
operative mortality rate after elective surgery was 4.7%,
and it was 2.8% in patients with no symptoms. During a
15-year follow-up period, late complications occurred in
26 patients (3.2%). A pseudoaneurysm developed in 23
Fig 3. Kaplan-Meier estimates for survival free from any reintervention for graft-related complications
(SE < 6.4%). Numbers of patients at risk entering each 5-year interval are given.
patients, and three patients experienced graft erosion into
the gastrointestinal tract.
In 1985, Plate et al9 reported their experience with
1087 patients, with a follow-up period ranging from 6
months to 12 years. Pseudoaneurysms developed in 14
patients (1.3%), aortoenteric fistulas developed in 10
patients (0.9%), and graft infections developed in three
patients (0.3%). Hallett et al10 reported 23 cases (7.5%) of
late graft-related complications in a 10-year follow-up
study. These complications occurred within 5 years after
the original operations. There were nine para-anastomotic
pseudoaneurysms (3%), five patients with graft thrombosis
(1.6%), four graft-enteric fistulas (1.3%), one graft-enteric
erosion (0.3%), and two graft infections (0.6%). Two other
patients had anastomotic hemorrhage (0.6%). Late graft
complications were fatal in four of these patients. In a sub-
sequent study, the same authors reported 10-year graft-
related complication rates of 3.4% among patients who
survived elective open repair and 6.0% among patients who
survived emergency repair of ruptured AAAs.11 These
complications were the causes of death in 1.6% and 1.2% of
elective and emergency cases, respectively.
Johnston et al,25 in a 6-year prospective study,
reported three graft-related deaths (1.5% of all deaths) in
a series of 533 patients who survived open repair of non-
ruptured AAAs. These patients died of ruptured abdomi-
nal aortic false aneurysms at 2.5, 2.6, and 4.1 years after
their original operations.25 The authors did not observe
any death caused by aortoenteric fistula or graft infection.
Cappeller et al7 reported only one late graft-related death
(0.2%) during a 10-year follow-up period in a series of 510
patients who survived open AAA repair. 
Our study confirms that patients undergoing open
repair can be considered almost free from postoperative
surveillance. This is a remarkable difference when com-
pared with the need for strict long-term follow-up
imposed by the endovascular approach. Most surgeons
often encounter different patient realities and needs,
which may range from a relatively young patient who is
willing to return to daily activities or even working life to
the old patient living far away from the tertiary referral
center. The need for life-long surveillance and the rela-
tively high incidence of reintervention after endovascular
AAA repair may alter the quality of life of patients. A
study by Lloyd et al26 showed similar quality of life after
both types of AAA repair. However, it is likely that this
study of 6-month duration is not enough for a reliable
comparative assessment of the quality of life after
endovascular and open repair of AAAs, because the
occurrence of late complications may severely affect the
overall outcome.
It seems that the long-term outcome of patients who
undergo open repair of AAAs is affected by severe compli-
cations in a relatively small number of patients and that
most patients die without any major complication. It
appears that fewer financial resources are necessary to treat
this condition and to monitor the patient after open
repair, as suggested by the relatively small number of diag-
nostic examinations required for true or suspected graft
problems encountered in our own series.
In conclusion, elective repair of infrarenal AAAs can be
performed with postoperative mortality rates that seem to
be comparable with those achieved by means of endovas-
cular repair. Open repair of infrarenal AAAs can achieve
satisfactory 15-year follow-up rates of survival free from
reintervention for any graft-related complications, sug-
gesting that surgery should still be considered to be the
procedure of choice for infrarenal AAAs, at least in
patients who are fit for surgery.
We thank Mrs Jaana Kemppainen and Mrs Leena
Sotaniemi for their assistance in the collection of data.
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Table II. Operative data
Number (%)
Mean abdominal aortic aneurysm 54.9 mm (30-110 mm)
diameter (range)
Elective repair 167 (80.3)
Emergency repair for symptomatic AAA 9 (4.3)
Emergency repair for AAA rupture 32 (15.4)
Other indications for aneurysm repair
Severe stenoses of the iliac arteries 25 (12.0)
Aortocaval fistula 1 (0.5)
Iliacocaval fistula 1 (0.5)
Type of prosthesis
Dacron 207 (99.5)
PTFE 1 (0.5)
Site of distal anastomosis*
Aorta 24 (11.5)
Iliac arteries 163 (44.3)
Femoral arteries 203 (55.1)
Reimplantation of the IMA 27 (13.0)
to the prosthesis
Reimplantation of the main or minor 9 (3/6) (4.3)
renal arteries (right/left side) 
to the prosthesis†
Endarterectomy of the renal arteries 2 (1.0)
*Two patients with an earlier lower-limb amputation underwent aor-
tounifemoral bypass grafting.
†Three patients had reimplantation of an inferior accessory renal artery.
AAA, Abdominal aortic aneurysm; PTFE, polytetrafluoroethylene; IMA,
inferior mesenteric artery.
Table III. Reinterventions for late vascular graft-related
complications
Number
Repair of femoral pseudoaneurysm 19
Femorofemoral crossover bypass grafting 4
Thrombectomy for thrombosed prosthesis leg 4
PTA for stenosis of distal anastomotic segment 2
PTA for stenosis of femorofemoral bypass graft 1
Removal of the graft plus axillobifemoral bypass grafting 1
Total 31
PTA, Percutaneous transluminal angioplasty.
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